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BRUSHLESS MOTOR CONTROL DEVICE AND EQUIPMENT USING THE CONTROL DEVICE 



(57) The present invention supplies a position 
detection circuit, and a motor controller, that can not 
only obtain rotor position detection signals properly over 
the entire PWIS4 control region, but also obtain these sig- 
nals properly during PAM control. In a brushless motor 
controller based on the present invention to detect tiie 
magnetic pole position of the stator in the motor in 
accordance with the stator coil temninal voltages of mul- 
tiple phases and control the energization of the stator 
coils, the comparison result infomnation signal, after 



being obtained through comparison between the 
detected voltage values con-esponding to the foregoing 
terminal voltages, and a reference voltage value, is 
directly entered into control circuits, then the position of 
the rotor in the motor is properly detected immediately 
after power-on switching, without a rotor position detec- 
tion inhibition time interval being provided, and the 
motor is controlled properly. 
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Description 

[Technical Field] 

^[0001] The present invention relates to a controller 
that controls the rotational speed of a brushless motor 
to the desired speed, and to an air conditioner that con- 
ditions interior air by controlling its internal compres- 
sor/blower driving brushless motor using this controller, 
a refrigerator that provides refrigeration by controlling its 
internal compressor/blower driving brushless motor 
using the' controller, a washing machine that washes 
clothes by controlling its pulsator or spin-basl<et driving 
brushless motor using the controller, and a vacuum 
cleaner that cleans rooms by controlling its blower driv- 
ing brushless motor using the controller. 

[Prior Art] 

[0002] Because of their easy maintenance, brush- 
less motors each made of a combination of a perma- 
nent magnet rotor and stator coils are used in air 
conditioners, refrigerators, washing machines, and the 
like. 

[0003] Brushless motor driving control requires 
close linking between the magnetic pole position of the 
rotor and the positions of the stator coils. The sensor- 
less position detection scheme utilizing the counter- 
electromotive force induced into the stator colls, by their 
interactions with the magnetic pole of the rotor is 
employed to detect the magnetic pole position of the 
rotor; it is not detected using a rotor position detection 
sensor such as a Hall element. 

[0004] Brushless motor drives using the sensorless 
position detection scheme include those set forth in, for 
example, Japanese Application Patent Laid-open Pub- 
lication No. Hei-6-284783 and Hel-6-98583. For these 
brushless motor drives so designed as to detect the 
crossing point (namely, the rising or falling edge) 
between the terminal voltages of the motor and a refer- 
ence voltage, the required electrical angle (for example, 
1 5 degrees) is calculated in one way or another immedi- 
ately after commutation so that a spike voltage signal 
will not be detected as a rotor position detection signal, 
and the time con-esponding to this electrical angle is set 
as a position detection inhibition interval. During this 
inhibition interval, signal detection is inhibited, and sig- 
nals are acquired only after the elapse of the inhibition 
time. Or the crossing point (namely, the rising or falling 
edge) with respect to the reference voltage is detected 
by modifying the pattern of chopping only the upper and 
lower switching devices among all six switching devices, 
and motor control is based on the detection position. 
[0005] For the conventional brushless motor drives, 
since the required electrical angle must be calculated in 
one way or another immediately after commutation, the 
use of a microcomputer orthe like to calculate this angle 
increases the processing time required, or the use of an 



external circuit to perform the calculation requires com- 
plex circuit composition. 

[0006] In the case of these conventional brushless 
motor drives, although mis-judgment based on the 

5 spike voltage developed during the inhibition interval 
can be prevented by providing the inhibition interval, if 
an abrupt load change causes output of a rotor position 
detection signal during the inhibition interval immedi- 
ately after commutation, this signal cannot be detected. 

10 For this reason, there arises the trouble that since a 
position significantly offset from the actual position of 
the rotor is likely to be mis-judged as the actual rotor 
position, operation becomes unstable or the motor 
decreases In operational efficiency or steps out. 

15 [0007] An object of the present invention is to sup- 
ply a brushless motor controller that can property detect 
the position of a rotor immediately after commutation, 
without being provided with a position detection inhibi- 
tion interval immediately after commutation. 

20 [0008] Another object of the present Invention is to 
supply a low-cost and simplified brushless motor con- 
troller that is high in rotor magnetic pole position detec- 
tion accurately and capable of controlling accurately the 
corresponding brushless motor as well. 

25 [0009] Still another object of the present invention is 
to supply a brushless motor controller that can properly 
control a brushless motor without stopping it, even dur- 
ing a very long interval of flow of a reflux current after 
power-on switching. 

30 [001 0] A further object of the present invention is to 
minimize position detection errors due to noise. 
[001 1] A further object of the present invention is to 
supply a brushless motor controller that can minimize 
power-on malfunction due to noise. 

35 [001 2] A further object of the present invention is to 
supply a brushless motor controller that can automati- 
cally attach importance to more efficient or faster oper- 
ation during brushless motor operational control. 
[001 3] A further object of the present invention is to 

40 supply a brushless motor controller that covers a more 
control range. 

[001 4] A further object of the present invention is to 
supply appliances, especially an air conditioner, a refrig- 
erator, a washing machine, and a vacuum cleaner, that 
45 are powered from the brushless motor thus controlled. 

[Disclosure of the Invention] 

[001 5] A feature of the present invention for achiev- 
50 ing the objects described above exists in that the first 
information signal pattern is stored into an infonnation 
signal pattern storage means and in that when the first 
infonnation signal pattern and the third infonnation sig- 
nal pattern are the same and the second infonnation 
55 signal pattern is different from the other two patterns, a 
reflux current decay signal is generated by an informa- 
tion signal pattern comparison means. 
[001 6] According to this feature, when the first infor- 
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75 



20 



mation signal pattern and the tfvmrinformation signal 
pattern are the same and the second information signal 
pattern is different from the other two patterns, since a 
reflux current is generated innmediately after commuta- 
tion and is then decayed, the infomriation signal pattern 5 
comparison means compares the first infomnation sig- 
nal pattern, the second information signal pattern, and 
the third infomiation signal pattern, and generates a 
reflux current decay signal. Thus, the loss of the reflux 
current can be detected. As a result, the position of the 10 
rotor can be properly detected immediately after com- 
mutation, without providing a rotor position detection 
inhibition interval, by detecting the loss of the reflux cur- 
rent and then detecting the rotating position of the rotor 
in accordance with the information signal patterns cre- 
ated by the corresponding infomnation signal creation 
means. Even if the load changes abruptly, the con-e- 
sponding brushless motor can also be driven with rapid 
response since no inhibition time interval needs to be 
calculated. 

[0017] In addition, since rotor position detection is 
possible without the chopping pattern of any switching 
device, the position of the rotor can be detected prop- 
erly, even if the upper or lower three of six switching 
devices are low in operating speed and inexpensive. 25 
[0018] Another feature of the present invention 
resides in that the first information signal pattern that 
has been stored into the above-mentioned infomiation 
signal pattern storage means is changed to the second 
infonnation signal pattern by an infomiation signal pat- 30 
tern changing means using a reflux signal decay signal. 
[001 9] According to this feature, when the first infor- 
mation signal pattern and the third information signal 
pattern are the same and the second infonnation signal 
pattern is different from the other two patterns, since a 35 
reflux current is generated immediately after commuta- 
tion and is then decayed and since the second infomna- 
tion signal pattern is the information signal pattern 
conresponding to the rotor position to be detected, the 
position of the rotor can be properly detected immedi- 40 
ately after commutation, without providing a rotor posi- 
tion detection inhibition interval, by detecting from all 
information signal patterns generated by the information 
signal creation means, only the infonnation signal pat- 
tern matching the second information signal pattern 45 
stored within the information signal pattern storage 
means, and then detecting the rotating position of the 
rotor in accordance with that detected infomiation signal 
pattern. 

[0020] Still another feature of the present invention so 
resides in that when the fourth information signal pat- 
tern matches either of the infonnation signal patterns 
stored within the information signal pattern storage 
means, an information signal pattern match signal is 
generated by the information signal pattern comparison 55 
means and the rotating position of the rotor is detected 
by a rotating position detection means using the infor- 
mation signal pattern match signal. 
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[0021] According to thisleature, when detection of 
the loss of the reflux current is followed by matching 
between the fourth information signal pattern and either 
of the information signal patterns stored within the infor- 
mation signal pattern storage means, since the fourth 
infonnation signal pattern is the information signal pat- 
tern con-esponding to the rotor position to be detected, 
the information signal pattern comparison means com- 
pares the fourth information signal pattern and all other 
infonnation signal patterns stored within the information 
signal pattern storage means and generates an infor- 
mation signal pattern match signal. Thereby, the rotat- 
ing position detection means can properly detect the 
position of the rotor immediately after commutation, 
without providing a rotor position detection inhibition 
interval, by detecting the rotating position of the rotor in 
accordance with the infonnation signal pattern match 
signal and the corresponding information signal pattern 
generated by the infonnation signal creation means. 
[0022] Still another feature of the present invention 
resides in that when the required time has elapsed from 
commutation, the first infonnation signal pattern that 
was stored into the information signal pattern storage 
means is changed to the second infonnation signal pat- 
tern by the information signal pattern changing means. 
[0023] According to this feature, even if the reflux 
current interval that follows power-on switching is too 
long for the loss of the reflux cun'ent to be detected, the 
magnetic pole position of the rotor can be detected and 
the motor can be properly controlled at a low cost. 
[0024] A feature of the present invention exists in 
that for a brushless motor controller that detects the 
magnetic pole position of the stator from the terminal 
voltages of the stator coils of each phase and controls 
the energization (power-on) of these stator coils, the 
position of the rotor can be detected immediately after 
commutation, by entering directly into the control cir- 
cuits of the controller a comparison result information 
signal obtained through comparison between the 
detected voltages corresponding to the above-men- 
tioned terminal voltages, and a reference voltage. 
[0025] Another feature of the present invention 
exists in that the position of the rotor can be detected 
without using the chopping pattern of any switching 
device. 

[0026] Still another feature of the present invention 
exists in that the comparison result information signal 
obtained through comparison between the detected 
voltages corresponding to the above-mentioned tenni- 
nal voltages, and a reference voltage, Is directly entered 
into the control circuits, the PWM signal on/off interval is 
judged in the control circuits, and the delay time for both 
the PWM signal received from the control circuits and 
the PWM signal applied to the motor can be set using 
either an updatable EEPROM, a variable resistor, orthe 
like. 

[0027] A further feature of the present invention 
exists in that the position of the rotor is detected from 
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the comparison result infomnation sigTTST pattern corre- 
sponding to the terminal voltages of the stator colls of 
^ multiple phases. 
[0028] A further feature of the present invention 
exists in that the power-on pattern for the stator coils is s 
determined from the comparison result infomnation sig- 
nal pattern corresponding to the terminal voltages of the 
stator coils of multiple phases. 

[0029] A further feature of the present invention 
exists in that the interval during which a reflux current 10 
flows following power-on switching is detected from the 
comparison result information signal pattern corre- 
sponding to the terminal voltages of the stator coils of 
multiple phases. 

[0030] A further feature of the present invention 75 
exists in that the phase signal pattern to be checked for 
position detection is updated after the reflux current 
developed through power-on-switching has been lost. 
[0031] A further feature of the present Invention 
exists in that when the required time elapses from 20 
power-on switching, even if the reflux cun'ent interval is 
very long, next power-on switching can be executed by 
updating forcibly the signal pattern checked. 
[0032] A further feature of the present invention 
exists in that power-on phase selection is based on 25 
either comparison result information, the received 
phase control command from an external circuit, the 
contents of the EEPROM, the rotational speed of the 
motor, or the calculated electrical quantity correspond- 
ing to the amount of current flowing into the inverter or 30 
motor. 

[0033] A further feature of the present invention 
exists in that in a PWM control region, importance is 
attached to operational efficiency during phase control, 
and in a high-speed rotation control region, control is 3S 
provided to advance the power-on phase. 
[0034] A further feature of the present invention 
exists in that even if the three upper or lower of all six 
switching devices are low in operating speed and inex- 
pensive, the position of the rotor can be detected prop- 40 
eriy 

[0035] A further feature of the present invention 
exists in that a simple position detection software con- 
figuration can be included in the control circuits. 
[0036] A further feature of the present invention 45 
exists in that the size of the data table within the internal 
position detection sofhvare of the control circuits and 
the occupancy of a RAM or ROM can be minimized. 
[0037] And a further feature of the present invention 
exists in that the brushless motor controlled by such so 
controller as described above can be used as the power 
supply for an air conditioner, a refrigerator, a washing 
machine, or a vacuum cleaner. 
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Figure 1 is a block diagram of the brushless motor 
controller described in embodiment 1 of the present 
Invention. Figure 2 is a diagram showing the signal 
waveforms developed at a PWM control current 
conduction ratio of 1 00% In embodiment 1 , Figure 3 
is a diagram showing the signal waveforms devel- 
oped when the terminal voltages fluctuate near the 
reference position in embodiment 1. Figure 4 is a 
chart showing the flow of internal processing by the 
control circuits in embodiment 1. Figure 5 is a dia- 
gram showing the signal wavefornns developed at a 
PWM control cun-ent conduction ratio of 100% 
when upper ami chopping Is executed in the 
inverter circuit of embodiment 1 . Figure 6 is a dia- 
gram showing the signal waveforms developed 
when the flow interval of the reflux cun-ent that fol- 
lows power-on switching is very long. Figure 7 is a 
diagram showing the signal wavefomns developed 
when PWM control is performed with the upper, 
lower, and first-hatf 60-degree arm choppers com- 
bined in the inverter circuit of embodiment 1 . Figure 
8 is a diagram showing the signal waveforms devel- 
oped when PWM control is perfonned with the 
upper, lower, and second-half 60-degree arm chop- 
pers combined in the inverter circuit of embodiment 
1. Figure 9 is a diagram showing the signal wave- 
forms developed when PWM control is performed 
with the upper, lower, and second-half 30-degree 
arm choppers combined in the inverter circuit of 
embodiment 1. Figure 10 is a diagram showing the 
signal wavefornns developed when PWM control is 
performed with the upper, lower, and first-half 30- 
degree arm choppers combined in the inverter cir- 
cuit of embodiment 1. Figure 1 1 is a diagram show- 
ing the operational efficiency of the brushless motor 
with respect to the power-on phase in embodiment 
1. Rgure 12 is a diagram showing the speed char- 
acteristics of the brushless motor In embodiment 1 . 
Rgure 13 is a block diagram of the brushless motor 
controller described in embodiment 2 of the present 
invention. 

[The Best Embodiment of the Invention) 

[0039] The brushless motor controller in embodi- 
ment 1 of the present Invention is described below. A 
block diagram of this brushless motor controller is 
shown as Fig. 1 . 

[0040] The brushless motor controller in embodi- 
ment 1 comprises: rectifying circuit 2 for rectifying the 
AC voltage supplied from AC power supply 1 ; smooth- 
ing circuit 3 for smoothing the rectifier output voltage of 
rectifying circuit 2; inverter circuit 4 for converting the 
output DC voltage of smoothing circuit 3 into an AC vott- 
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age of any pulse width and suppiyffrg this AC voltage to 
the stator coils of brushless motor 5; terminal voltage 
detector 8 for sending to the next stage the detected 
voltage "8a" corresponding to the terminal voltages (= 
counter-electromotive force) of each phase of the stator 5 
coils in brushless motor 5; phase signal creation circuit 
9 for creating phase signal "9a" as the magnetic pole 
position information of the rotor in brushless motor 5 in 
accordance with detected voltage "8a" mentioned 
above; EEPROM 1 0, which contains PWM signal delay w 
time data; and control circuits 6 for controlling the driv- 
ing of brushless motor 5 in accordance with the data 
that has been stored into EEPROM 10, speed com- 
mand signal SO, and the phase signal "98" created by 
phase signal creation circuit 9. 75 
[0041] Control circuits 6 can be a single-chip micro- 
computer or a hybrid IC. 

[0042] Phase signal creation circuit 9 compares 
detected voltage "8a" and a reference voltage and then 
creates phase signal "9a" for each phase. The refer- 20 
ence voltage value is half either the neutral point voltage 
value of the stator coils in brushless motor 5 or the out- 
put DC voltage value of smoothing circuit 3. Even if the 
characteristics of the power module differ, since the 
internal constants of software require no modification, 25 
versatility can be assigned to the control software by 
designing the controller so that delay time infomriation 
can be adjusted using updatable EEPROM 10, an exter- 
nal resistor, or the lilce. 

[0043] Next, control circuits 6 are described in detail 30 
below. 

[0044] Control circuits 6 have: timer "Sj" for sending 
an ON signal after the elapse of a delay time equivalent 
to "td" specified in EEPROM 1 0; PWM signal generation 
unit "6h" for generating PWM signal 11; data input unit 35 
"61" for reading PWM signal 11, the delay time "td" ON 
signal, and phase signal '9a' sent frcm phase signal 
creation circuit 9, and then sending digital information 
signal patterns 13; comparison data storage unit "6d" 
for storing the information signal patterns that have 40 
been read in the past; data comparing unit "Sg" for com- 
paring newly read information signal patterns 13 and 
the infomnation signal patterns that have been read in 
the past, and then sending comparison results 14; 
phase detection unit "6e" for detecting the phase in 45 
accordance with the comparison results 14 received 
from data comparing unit "6g", and then sending phase 
detection information 1 5; speed control unit "6c" for gen- 
erating power-on pattern 16 based on phase detection 
information 15 and speed command signal SO; timer so 
"6f" for counting how often signal processing has been 
repeated during the required electrical angle interval 
(for example, an electrical angle interval of 30 degrees, j 
an electrical angle interval of 60 degrees, an electrical 
angle interval of 120 degrees, or an electrical angle ss 
interval of 360 degrees, or a mechanical angle interval 
of 360 degrees); power-on mode counter "6b" for count- 
ing power-on mode sessions based on power-on pat- 



tern 1 6 and on the signal processing count output value 
of timer "6f"; memory "6a" for storing power-on pattern 
1 6 and the power-on mode session count value and 
supplying power-on pattern 16 to the next stage; and 
driver 7 for receiving stored power-on pattern 1 6 from 
memory "6a" and controlling the switching operation of 
inverter circuit 4 according to the particular power-on 
pattern. 

[0045] in this embodiment, internal processing by 
control circuits 6 takes place to control the driving of 
brushless motor 5 at a PWM control current conduction 
ratio of 100% as shown in Fig. 2. The signals in Fig. 2 
are described first and then internal processing by con- 
trol circuits 6 is described. 

[0046] The signals shown in Fig. 2 are: (a) detected 
temninal voltage signals "8a" of phases U, V and W, of 
the stator coils in brushless motor 5, (b) PWM signal 1 1 
generated by PWM signal generation unit "6h", (c) 
phase signals "Oa" sent from phase signal creation cir- 
cuit 9 for each phase, (d) information signal patterns 13 
sent from data input unit "6i", and (e) phase detection 
infomriation 15 sent from phase detection unit "6e". 
[0047] The upward arrows in Fig. 2 represent the 
timing in which data input unit "61" reads phase signals 
"9a", and part of the timing is shown as "tl" to "tS". 
[0048] As shown in Fig. 2, when commutation ® is 
immediately followed by the occurrence of spike-like 
voltage 21 at the phase U con-esponding to detected 
voltage "8a", this voltage is incorporated into phase sig- 
nals "9a". information signal patterns 13, and phase 
detection information 15. Immediately before commuta- 
tion 0, the levels of phase signals "9a" were Low, Low, 
and High (shown for phases U, V, and W, in that order). 
Likewise, information signal patterns 13 were [0, 0, 1], 
and phase detection information 15 was Low, Low, and 
High. Once spike-like voltage 21 has occurred, how- 
ler, the levels of phase signals "9a" change to High, 
Low, and High, infomnation signal pattems 13 change to 
[1 , 0, 1], and phase detection information 15 changes to 
High, Low, and High. 

[0049] After that, spike-like voltage 21 disappears 
from the phase U corresponding to detected voltage 
"8a", and phase signals "9a" take the same levels (Low, 
Low, and High) as the signal levels existing immediately 
before commutation ®. When time further passes, the 
signal levels of phase signals "9a" change once again to 
High, Low, and High, at the crossing point of the refer- 
ence voltage and detected voltage "8a". Infomriation sig- 
nal patterns 13 sent from data input unit "6i" to data 
comparing unit "6g" change to [0, 0, 1 ] at '11 ", [1 , 0, 1 ] at 
"t2", [0. 0, 1] at "t3", and [1 , 0, 1] at "t4". 
[0050] At this time, the U-, V-, and W-phase signal 
patterns corresponding to the comparison result infor- 
mation signal "9a" at "t3" are the signal patterns existing 
immediately before commutation ®, and at the same 
time, this indicates that the reflux cun^nt has been lost 
as in "t2". 

[0051 ] Data comparing unit "6g" compares infomia- 
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tion signal patterns 13 sent from dranhput unit "61", and 
the past infomnatlon signal patterns stored within com- 
parison data storage unit "Bd". Data comparing unit "eg" 
compares the information signal patterns 13 obtained at 
*"tr, "t2", and 13". After the information signal pattern 5 

13 at "t3" has been found to match the signal pattern 
obtained at 'tr immediately before commutation ®, 
data comparing unit "Bg" judges that the reflux current 
at "t2" has been lost, and then sends comparison 
results 14. In accordance with the comparison results 10 

14 that have been received from data comparing unit 
•'6g", phase detection unit "Be" judges that the informa- 
tion signal pattern 13 at "t3" is the signal pattern corre- 
sponding to the next phase to be detected, and changes 

the appropriate information signal pattern within com- 75 
parison data storage unit "Bd" to the information signal 
pattern 13 existing at 13". 

[0052] For 14", data comparing unit "6g" compares 
the infomiation signal pattern 13 existing at 14" and the 
information signal pattern of "t2", stored within compar- 20 
ison data storage unit "Bd". When both signal patterns 
match, data comparing unit "6g" sends comparison 
results 14. In accordance with the comparison results 

14 that have been received from data comparing unit 
"Bg", phase detection unit "Be" sends to speed control 25, 
unit "Be" the phase detection infonnation 15 corre- 
sponding to the information signal pattern 13 at 14". 
[0053] After receiving phase detection infomiation 

15 from phase detection unit "Be", speed control unit 
"6c" derives power-on pattern 1 6 with respect to the sta- 30 
tor coils and sends this pattern to driver 7. 

[0054] Driver 7, after receiving power-on pattern 1 B 
from speed control unit "6c", drives inverter circuit 4. 
[0055] As described above, this embodiment ena- 
bles the position of the rotor to be properly detected 35 
without providing a rotor position detection inhibition 
time interval. 

[0056] Also, although the time corresponding to the 
particular electrical angle changes with the rotational 
speed of the motor and thus the prior art makes it nec- 40 
essary to calculate the time corresponding to the electri- 
cal angle each time the motor speed changes, no 
inhibition time interval needs to be calculated in this 
embodiment. In addition, even if the load changes 
abruptly, since information signal patterns are created 45 
from comparison results on the stator coil temriinal volt- 
ages and a reference voltage and then before the rotor 
position con-esponding to the information signal pattern 
is detected, the phase to be detected is confirmed 
through comparison with the past infomiation signal so 
patterns, the position of the rotor can be detected prop- 
erly. 

[0057] An example of internal processing flow in 
control circuits 6 is shown as Rg. 4. Internal processing 
by control circuits B consists of: main process 41 for 55 
generating the speed control signal of brushless motor 
5; position detection process 42 for detecting the posi- 
tion of the rotor; driving process 43 for driving inverter 
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circuit 4 in accordance with tFTb speed control signal 
generated in process 41 and with the rotor position 
detected in process 42; ready flag clearing process 44 
for performing main process 41 after executing driving 
process 43; and match flag clearing process 45. 
[0058] Driving process 43 enables power-on 
switching after the elapse of the required time adjusted 
during phase correction. 

[0059] Next, process 42 is described in detail 
below. 

[0060] During sub-process "42a', timer "BT counts 
how often signal processing has been repeated during 
the required electrical angle interval (for example, an 
electrical angle interval of 30 degrees, an electrical 
angle interval of BO degrees, an electrical angle interval 
of 120 degrees, or an electrical angle interval of 360 
degrees, or a mechanical angle interval of 360 
degrees). 

[0061 ] Timer "6f" can also manage the elapse of the 
required time. 

[0062] During sub-process "42b", data input unit 
"61" judges whether the PWM signal 1 1 generated by 
PWM signal generation unit "6h" is on or off. This sub- 
process can be simplified by using a flag or a microcom- 
puter forjudging the on/off status of the PWM signal. 
[0063] During sub-process "42c", data input unit 
"6i" judges whether a delay time equivalent to the "td" 
value specified in EEPROM 10 has elapsed. This judg- 
ment can be perfomried by counting with timer "6j" or in 
sub-process "42a". During this judgment, even if the 
characteristics of the power module differ, since the 
internal constants of software require no modification, 
versatility can be assigned to the control software by 
designing the controller so that delay time infomiation 
can be adjusted using EEPROM 10, an external resis- 
tor, or the like. 

[0064] During sub-process "42d", data input unit 
"6i". reads the phase signals "9a" corresponding to 
phases U, V, and W. At this time, output of HI level or 
LOW level signals from control circuits 6 for the purpose 
of identifying the timing in which the phase signals "9a" 
have been read is effective for confirming the operation 
of the controller. 

[0065] During sub-process "42e", timer "6j" judges 
whether the required time elapsed from power-on 
switching. This judgment can be performed by counting 
in sub-process "42a". 

[0066] During sub-process "42f", comparison data 
storage unit "Bd" judges whether the required signal 
pattems for next signal processing have been estab- 
lished. If the required patterns have been established, 
the ready flag is set to *1 ' by comparison data storage 
unit "6d", or if the required patterns have not been 
established, the ready flag is set to '0*. 
[0067] If the setting of the ready flag is 'V in sub- 
process "42f' , comparison data storage unit "6d" sends 
the established signal patterns to data comparing unit 
"Bg". If the setting of the ready flag is '0' in sub-process 
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"42f", comparison data storage^BPT-ed" updates or 
e'3tablishes signal patterns in sub-process "42g" and 
then after sending these patterns to data comparing unit 
"6g", changes the setting of the ready flag to '1 
[0068] During sub-process "42h", comparison data s 
storage unit "Sd" clears the match flag used to judge 
whether the signal patterns have been updated for the 
first time. 

[0069] During sub-process "42j", phase detection 
unit "6e" checks the information signal patterns of the io 
phase signals "9a" which were read during sub-process 
''42d", against the signal pattern predetermined by the 
position of the rotor. 

[0070] If, in sub-process '•42k", the signal patterns 
are found to match, control proceeds to sub-process is 
"42m". If the signal patterns are found to mismatch, con- 
trol skips to sub-process "421". 

[0071] During sub-process "421", phase detection 
unit "6e" clears the match flag used to judge whether 
the signal patterns have matched twice. 20 
[0072] During sub-process "42m", phase detection 
unit "6e" judges whether the signal patterns have 
matched twice. If the signal patterns have matched and 
the match flag is off, phase detection unit "6e" turns the 
match flag back on during sub-process "42n". If the sig- 25 
nal patterns have matched and the match flag is on, 
control proceeds to sub-process "42o". 
[0073] In sub-process "42o", branching occurs to 
judge whether the signal patterns required for next 
power-on control processing have been established. If 30 
the ready flag is on in sub-process "420", control pro- 
ceeds to driving process "43". If the ready flag is off, 
control proceeds to sub-process "42p". 
[0074] If the signal patterns required for next power- 
on control processing are not established (the ready 35 
flag is '0') in sub-process "42o", sub-process "42p" is 
performed to update/establish these signal patterns. In 
sub-process "42p", phase detection unit "Be" sets the 
ready flag to *1' to indicate that the required signal pat- 
terns have been updated. In sub-process "42r", phase 40 
detection unit "6e" clears the match flag used to judge 
whether the signal patterns have matched for the first 
time. 

[0075] After the required signal pattems have been 
updated In sub-process "42g" or sub-process "42p", 45 
when the signal patterns of the phase signals "9a" 
which were read during sub-process "42d", the appro- 
priate power-on pattern for the particular rotating posi- 
tion is determined and driving process "43" is 
performed. so 
[0076] Since sub-processes "42f" to "42i" and sub- 
processes "42o" to "42r" are equivalent, subroutining 
makes it possible not only to minimize increases in pro- 
gram size, but also to control the brushless motor prop- 
erly even when the reflux cun'ent interval that follows ss 
power-on switching Is very long. 
[0077] Shown in Rg. 5 are: detected temriinal volt- 
ages "8a" of the U-, V-, and W-phases of the stator coils 
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in brushless motor at a curfiFTt conduction ratio less 
than 100% during PWM control with upper arm chop- 
ping in inverter 4; the corresponding PWM signals; the 
comparison result infomnation signals of each phase 
that are sent from the comparing circuit; the PWM-on 
infomnation signal patterns read by control circuits 6; 
and the position detection information recognized inside 
the control circuits. 

[0078] When control processing that uses the algo- 
rithm shown in Fig. 4 is executed seeing Fig. 5, it is 
resultingly possible not only to prevent nnis-judgment, 
even if, as denoted by "t1 " and "t3" in Fig. 5, phase sig- 
nals equivalent to those of "t2" and "t4" appear immedi- 
ately after power-on pattern switching, but also to obtain 
the proper phase signals without suffering any effects of 
the reflux current flowing immediately after power-on 
pattern switching, and thus execute power-on switching 
properly. 

[0079] Also, after the signal patterns have been 
updated in sub-processes "42g" and "42p" described 
seeing Fig. 4, if the con-espondtng signals fluctuate near 
the reference position as shown in Fig. 3 (b), these sig- 
nals will appear as shown in Fig. 3 (c), and then when 
control is transferred from process "41 " to periodic proc- 
ess "42", process "42" will be perfonned in the timing of 
Fig. 3 (d). After this, sub-process "42d" will be per- 
fomned in the timing of Fig. 3 (e), then signal pattern 
checking will occur in sub-process "42j", and in sub- 
process "42k", control will advance from pattern match 
confimnation to sub-process ■42m". At this time, since 
pattern matching is the first in the present power-on 
interval and the match flag is off, control will branch from 
sub-process ■42m" into sub-process "42n". Hereafter, 
sub-process ■42d" will be performed once again, but 
this time, in the "td" timing of Rg. 3 (g), and when sub- 
process "42j" is performed thereafter, since the signal 
patterns will not match in sub-process "42k", control will 
branch into sub-process "421", where the match flag will 
then be cleared to retum control to process "41 ■. 
[0080] When control is further transferred from 
process "41" to periodic process "42", sub-process 
"42d" will be perfonned in the tc" timing of Fig. 3 (c), 
then as with the above-mentioned processing 
sequence, processing will be executed to sub-process 
"42n", and during the time interval up to this step, sub- 
processes "42d" to "42m" will be performed. Since the 
match flag at this time is on, control will further advance 
to process 43 through sub-process "42o" and the driv- 
ing process appropriate for the particular position of the 
rotor will be performed. 

[0081 ] The use of the phase signal creation circuit 9 
and position detection algorithm described above ena- 
bles proper detection of the rotor position ... even if any 
pulse-like noise occurs ... and hence, proper control of 
the motor. Although this embodiment assumes that 
before control can be advanced to the driving process, 
phase signal "9a" pattern matching must be repeated 
twice, this embodiment is also valid in any other cases 
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of multiple times of matching. In adoHilT, this embodi- 
ment is valid even if pattern matching is omitted by sup- 
^ pressing the noise and/or signal fluctuations appearing 
as the terminal voltages of the stator colts in brushless 
nfWtorS. 5 

[0082] The terminal voltages "8a" detected when 
the interval during which the reflux cun'ent flows follow- 
ing power-on pattern switching is very long, the compar> 
ison result information signals sent from the comparing 
circuit, and one phase of position detection information io 
inside the control circuits are shown in Fig. 6, 
[0083] When this position detection algorithm is 
used, since phase signal creation circuit 9 reads PWM 
signal-on phase signals in addition to requiring only a 
comparator circuit, the same position detection informa- is 
tion can be obtained, regardless of whether any chop- 
pers are active during PWi\/l control, and thus the motor 
can be controlled properly, even during PAM control. 
[0084] In addition, even when, as shown in Fig. 6, 
the interval during which the reflux cun-ent flows follow- 20 
ing power-on pattern switching is very long and infonna- 
tion signal voltages do not change near their reference 
position, since sub-process ''42e'' is provided, the signal 
patterns to be checlced are fordbly modified after the 
elapse of the required time following power-on switching 25 
has been confirmed. Thereby, next power-on switching 
can be executed without stopping the motor, with the 
result that the motor can be controlled properly. 
[0085] Furthermore, in a configuration using an out- 
put variable type of rectifying circuit 2, since the refer- 30 
ence voltage of the comparing circuit is variable 
according to the particular output voltage, this embodi- 
ment also enables the same position detection informa- 
tion to be obtained from phase signals during either a 
PWM control full-region/PAM control mode or a 35 
PWM/PAM switching control mode, thus enabling the 
implementation of proper motor control. 
[0086] Detection errors due to noise can also be 
reduced since control circuits 6 detect Oudge) the rotor 
position in accordance with the phase signal patterns 40 
corresponding to the detected terminal voltages of each 
phase of the stator coils in specific timing. 
[0087] In addition, malfunction due to noise can be 
minimized since control circuits 6 can determine the 
next power-on pattern from the particular rotor position 45 
and the present power-on pattern for the stator coils. 
[0088] Furthermore, the use of this algorithm ena- 
bles not only the configuration of the software to be sim- 
plified, but also the size of the data table required for 
microcomputer control and the related occupancy of a so 
RAM or ROM to be mininiized since judgment data on 
the loss of the reflux current and judgment data on posi- 
tion detection can be the same. Accordingly, proper 
motor control can be achieved using even a small- 
capacity low-cost microcomputer, and the incorporation ss 
of such a controller into an electrical household appli- 
ance can guarantee high product quality at a low cost. 
[0089] Those voltage detection signals, PWM sig- 



nals, comparison result infonna!roh signals, PWM sig- 
nal-on information signal patterns, and position 
detection Information signal waveforms inside the con- 
trol circuits, that are developed when PWM control is 
perfomied with the upper, lower, and first-half 60- 
degree arm choppers combined in inverter circuit 4, are 
shown in Fig. 7. Similarly, the above-mentioned five 
items obtained when PWM control is performed with the 
upper, lower, and second-half 60-degree ann choppers 
combined in inverter circuit 4, when PWM control is per- 
formed with the upper, lower, and second-half 30- 
degree am choppers combined in inverter circuit 4, and 
when PWM control is performed with the upper, lower, 
and first-half 30-degree amn choppers combined in 
inverter circuit 4, are shown in Figs. 8, 9, and 10, 
respectively. 

[0090] In all cases, the same position detection 
infonmation can be obtained from PWM signal-on com- 
parison result information signals. 
[0091] Irrespective of the chopping scheme applied 
to PWM control, therefore, proper motor control can be 
implemented under free combinations of the upper arm 
chopper, the upper and lower arm choppers, the first- 
half 60-degree chopper, the second-half 60-degree 
chopper, the first-half 30-degree chopper, and/or the 
second-half 30-degree chopper, in inverter 4. 
[0092] In addition, since, irrespective of the chop- 
ping scheme applied to PWM control, the position of the 
rotor in the motor can be properly detected using this 
position detection method, only the upper or lower 
switching devices among ail six devices do not need to 
execute chopping, and this enables a motor controller to 
be constructed using an inexpensive power module that 
contains devices low in operating speed and in price. 
Resultingly, a high-quality motor controller can be real- 
ized at a low cost 

[0093] The operational efficiency of a brushless 
motor with respect to the power-on phase is shown in 
Fig. 11. Since the operational efficiency of a brushless 
motor changes according to the power-on phase with 
respect to counter-electromotive force, the power-on 
phase is a very important factor. To ensure maximum 
efficiency during the start of the motor, therefore, the 
brushless motor can be operated with high efficiency by 
controlling the power-on phase in accordance with 
RAM- or ROM-prestored infomriation, the rotational 
speed of the motor, and the infomriation calculated from 
the amount of current flowing through the inverter circuit 
or from the amount of motor current. 
[0094] Also, the brushless motor can be operated at 
the user side during the motor-fitting power-on phase by 
enabling external control of the power-on phase. The 
A/D conversion terminals, communications terminals, or 
input ports of control circuits 6 can be used as the con- 
trol terminals for such external control. 
[0095] During PWM control, by which the speed of 
the brushless motor is controlled by controlling the 
pulse widths of the terminal voltage signals supplied to 
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the stator coils, when the ?!IIT&it conduction ratio 
arrives at its maximum value of 100%, control for a fur- 
ther increased motor speed cannot be provided. During 
PAM control, by which the motor speed is controlled by 
controlling the pulse heights of the terminal voltage sig- 5 
nals supplied to the stator coils, when the maximum 
allowable terminal voltage is reached, control for a fur- 
ther increased motor speed cannot be provided. How- 
ever, the motor speed can be varied by, as shown in Fig 
12, changing the power-on phase after maintaining at 10 
the same value the terminal voltages supplied to the 
stator coils. And this method of power-on phase control 
can be implemented using phase signals. 
[0096] The rotational speed of the brushless motor 
can therefore be controlled over a wide range by per- is 
forming power-on phase control in addition to the PWM 
control and PAM control schemes based on the stator 
coil currents of the motor. For example, when nonmal 
mode of operation is to be maintained, operational con- 
trol characteristics with importance being attached to 20 
efficiency can be obtained by providing power-on phase 
control for maximum motor efficiency under the status 
that the maximum allowable current conduction ratio is 
not reached in PWM control or under the status that the 
maximum allowable supply voltage is not reached in 25 
PAM control, and when faster rotation is required, oper- 
ational control characteristics with importance being 
attached to speed can be obtained by controlling the 
power-on phase so as to advance beyond the ma)dmum 
efficiency point after the maximum allowable current 30 
conduction ratio or supply voltage has been reached. 
This means that since the operational control character- 
istics of the brushless motor can be obtained with 
importance being attached to efficiency or speed, the 
motor can be controlled over a wide range. 35 
[0097] A block diagram of a brushless motor con- 
troller using a variable resistor, instead of EEPROM 10 
including delay time information, is shown as Rg. 13. 
When only delay time information is to be stored into 
EEPROM 10, a simple, low-cost, and high-quality motor 40 
controller can be constructed by entering information 
via a variable resistor or the like. 
[0098] Such a controller can be reduced in the 
number of components required and becomes easier to 
operate, by constructing the controller as either a hybrid 45 
IC chip composed by control circuits 6 and phase signal 
creation circuit 9, or an intelligent power module con- 
sisting of inverter circuit 4, control circuits 6, driver 7, 
and phase signal creation circuit 9. 

[0099] Since the heat pump type of air conditioner so 
changes in conditioning output level according to the 
particular rotational speed of the compressor, air condi- 
tioning can be achieved with high conditioning capabili- 
ties by using as the drive for the compressor/blower the 
brushless motor provided with power-on phase control 55 
in addition to PWM control and PAM control as 
described heretofore. Such an air conditioner can also 
be improved into an energy-saving type by controlling 
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its operation in normal 8|SSFational region with impor- 
tance being attached to efficiency. 
[0100] Similarly, a refrigerator with excellent refrig- 
erating capabilities can be realized by applying as the 
drive for the compressor/blower the brushless motor 
controlled using this controller. 
[0101] Likewise, a washing machine excellent in 
controllability can be realized by constructing the wash- 
ing machine whose pulsator and spin basket are rotated 
using the brushless motor controlled by this controller. 
[0102] Furthermore, a vacuum cleaner excellent in 
vacuum attraction force can be realized by applying as 
the drive for the blower of the cleaner the brushless 
motor controlled using this controller. 
[0103] Furthermore, the use of the phase signal 
creation circuit and position detection algorithm covered 
by the present invention makes it unnecessary to estab- 
lish large circuit composition including general-purpose 
logic circuits, or to use electrolytic capacitors large in 
capacity. Accordingly, it is possible to implement com- 
pact and inexpensive inverter control circuit composition 
by integrating an inverter circuit and a driver circuit, and 
to realize a compact, inexpensive, and highly contn:>lla- 
ble air conditioner, refrigerator, washing machine, or 
vacuum cleaner, by introducing such inverter control cir- 
cuit composition. 

[01 04] According to the present invention, when the 
first information signal pattern and the third information 
signal pattern are the same and the second information 
signal pattern is different from the other two patterns, 
since a reflux current is generated immediately after 
commutation and is then decayed, the infonnation sig- 
nal pattern comparison means compares the first infor- 
mation signal pattern, the second information signal 
pattern, and the third infonnation signal pattern, and 
generates a reflux cun-ent decay signal. Thus, the loss 
of the reflux current can be detected. As a result, the 
position of the rotor can be properly detected immedi- 
ately after commutation, without providing a rotor-posi- 
tion detection inhibition interval, by detecting the loss of 
the reflux current and then detecting the rotating posi- 
tion of the rotor In accordance with the information sig- 
nal patterns created by the information signal creation 
means. Even if the load changes abruptly, the con-e- 
sponding brushless motor can also be driven with rapid 
response since no inhibition time interval needs to be 
calculated. 

[0105] In addition, since rotor position detection is 
possible without the chopping pattern of any switching 
device, the position of the rotor can be detected prop- 
erly, even If the upper or lower three of six switching 
devices are low in operating speed and inexpensive. 
[0106] According to the present invention, when the 
first information signal pattern and the third information 
signal pattern are the same and the second information 
signal pattern is different from the other two patterns, 
since a reflux current is generated immediately after 
commutation and Is then decayed and since the second 
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information signal pattern is the infoTWIifion signal pat- 
tern" corresponding to the rotor position to be detected, 
* the position of the rotor can be properly detected imme- 
diately after commutation, without providing a rotor 
position detection inhibition interval, by detecting from 5 
all infomnation signal patterns generated by the informa- 
tion signal creation means, only the information signal 
pattern matching the second information signal pattern 
stored within the information signal pattern storage 
means, and then detecting the rotating position of the 70 
rotor in accordance with that detected information signal 
pattern. 

[0107] According to the present invention, when 
detection of the loss of the reflux current is followed by 
matching between the fourth infomiation signal pattern is 
and either of the information signal patterns stored 
within the information signal pattern storage means, 
since the fourth infomriation signal pattern is the infor- 
mation signal pattern con-esponding to the rotor position 
to be detected, the infomiation signal pattern compari- 20 
son means compares the fourth infonnation signal pat- 
tern and ail other infonnation signal patterns stored 
within the infomiation signal pattern storage means and 
generates an infonnation signal pattern match signal. 
Thereby, the rotating position detection means can 25 
properly detect the position of the rotor immediately 
after commutation, without providing a rotor position 
detection inhibition interval, by detecting the rotating 
position of the rotor in accordance with the information 
signal pattern match signal and the corresponding infer- 30 
mation signal pattern generated by the information sig- 
nal creation means. 

[0108] According to the present invention, even if 
the reflux cun-ent interval that follows power-on switch- 
ing is too long for the loss of the reflux cun-ent to be 35 
detected, the magnetic pole position of the rotor can be 
detected and the motor can be properly controlled at a 
low cost 

[0109] According to the present invention, it is pos- 
sible not only to detect the position of the rotor in a 40 
brushless motor immediately after power-on switching, 
nut also to detect the magnetic pole position of the rotor, 
even if the reflux current interval that follows power-on 
switching is very long, and thus the motor can be con- 
trolled at a low cost and with high accuracy. In addition, 45 
position detection en-ors and power-on malfunction due 
to noise can be minimized and the control range can be 
expanded. Furthermore, the brushless motor can be 
controlled over a wide range since motor operation can 
be controlled with importance being attached to effi- so 
ciency or speed. 

[0110] And a high-performance air conditioner, 
refrigerator, washing machine, or vacuum cleaner can 
be realized by using as their drive the brushless motor 
controlled by the controller described heretofore. 55 
[0111] The use of comparator signals enables 
highly accurate motor control to be achieved in PWM 
control full-region mode, PAM control mode, and 



PWM/PAM switching control mode]^ by updating position 
detection signal patterns after the PWM signal-on reflux 
current following power-on switching has been lost, and 
then checking the new position detection signal patterns 
against the information within the control circuits. Also, 
an air conditioner, refrigerator, washing machine, or 
vacuum cleaner excellent in controllability can be real- 
ized by constructing these appliances with the motor 
controlled by this motor controller, as their drives. 

[Industrial Applicability] 

[0112] As described above, the brushless motor 
controller covered by the present invention, and appli- 
ances using this controller can be used to control the 
rotational speed of a brushless motor to the desired 
speed. This controller is therefore suitable for use in: an 
air conditioner that conditions interior air by controlling 
its internal compressor/blower driving brushless motor 
using the controller; a refrigerator that provides refriger- 
ation by controlling its internal compressor/blower driv- 
ing brushless motor using the controller; a washing 
machine that washes clothes by controlling its pulsator 
or spin-basket driving brushless motor using the con- 
troller; and a vacuum cleaner that cleans rooms by con- 
trolling Its blower driving brushless motor using the 
controller. 

Claims 

1. A brushless motor controller having an infonnation 
signal generation means for generating the infor- 
mation signal patterns con'esponding to the termi- 
nal voltages of the stator coils of multiple phases in 
a brushless motor, a rotating position detection 
means for detecting the rotating position of the rotor 
In said brushless motor in accordance with said 
information signal patterns, and a power-on control 
unit for supplying power to said stator coils in 
accordance with said rotating position, wherein said 
controller is characterized in that it further has 

an information signal pattern storage means for 
storing said information signal patterns, and 
an infonnation signal pattern comparison 
means by which the first infonnation signal pat- 
tern stored within said Infonnation signal pat- 
tern storage means, the second infonnation 
signal pattern generated immediately after 
commutation, and the third infonnation signal 
pattern generated after the elapse of the 
required time immediately following said com- 
mutation are compared and when said first 
infonnation signal pattern and said third infor- 
mation signal pattern are the same and said 
second information signal pattern is different 
from said first Information signal pattern and 
said third information signal pattern, a reflux 
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current decay signal is^pf^erated to Indicate 
* " that the reflux current has been decayed. 

2. Such brushless motor controller as set forth in 
Clainn 1 above, wherein said controller is character- s 
ized in that it further has an information signal pat- 
tern changing means by which said first information 
signal pattern stored within said information signal 
pattern storage means is changed to said second 
information signal pattern in accordance with said io 
reflux current decay signal. 

3. Such brushless motor controller as set forth in 
Claim 1 above, wherein said motor controller is 
characterized in that when matching is established is 
bietween the stored information signal pattern 
within said Information signal pattern storage 
means and the fourth information signal pattern 
generated after the required time elapsed from the 
occurrence of said third information signal pattern, 20 
said information signal pattern changing means 
generates an information signal pattern match sig- 
nal, and in that said rotating position detection 7. 
means detects the rotating position of the rotor in 
accordance with said information signal pattern . 25 
match signal. 

4. Such brushless motor controller as set forth in 
Claim 2 above, wherein said information signal pat- 
tern changing means is characterized in that when 30 
the required time elapses from commutation, said 
first information signal pattern stored within said 
information signal pattern storage means is 
changed to said second infomnation signal pattern. 

35 

5. '. A brushless DC motor controller having a voltage 

detection means capable of generating the 
detected voltage values con^esponding to the termi- 
nal voltages of the stator coils of multiple phases in 
,. a brushless motor, a reference voltage generation 40 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
result information signal after comparing said 
detected voltages and reference voltage, and a 
control means for detecting the rotating position of 45 
the rotor in the brushless motor in accordance with 
the foregoing comparison result information signal 
and then sending the appropriate power-on signal 
to said stator coils according to the detected rotat- 
ing position, wherein said brushless DC motor con- so 
troller is characterized in that said control means 
detects the rotor position immediately after power- 
on switching for said stator coils without an inhibi- 
tion time interval being provided. 

6. A brushless DC motor controller having a rectifying 8. 
circuit for transfornning an AC supply voltage into a 

DC voltage, an inverter circuit for converting said 
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DC voltage into an AC voltage and supplying this 
AC voltage to a brushless motor, and control cir- 
cuits for controlling the inverter circuit, wherein said 
brushless DC nhotor controller is characterized in 
that it further has a voltage detection means capa- 
ble of generating the detected voltage values con-e- 
sponding to the terminal voltages of the stator coils 
of multiple phases in said brushless motor, a refer- 
ence voltage generation means for generating a 
reference voltage, a comparison means capable of 
generating a comparison result information signal 
after, comparing said detected voltages and refer- 
ence voltage, and a control means for detecting the 
rotating position of the rotor in the brushless motor 
in accordance with the foregoing comparison result 
infomnation signal and then sending the appropriate 
power-on signal to said stator coils according to the 
detected rotating position, and in that said control 
means detects the rotor position immediately after 
power-on switching for said stator coils without an 
inhibition time interval being provided. 

A brushless DC motor controller having converter 
circuits composed of a rectifying circuit for trans- 
fornning an AC supply voltage Into a DC voltage and 
a chopper circuit for controlling the magnitude of 
said DC voltage, an inverter circuit for receiving an 
DC voltage from said converter circuits and then 
after converting this voltage into an AC voltage, 
supplying this AC voltage to a brushless motor, a 
converter control circuit for controlling the switching 
operation of said chopper circuit, an inverter control 
circuit for controlling the switching operation of said 
inverter circuit and driving the brushless motor, and 
control circuits for controlling said converter control 
circuit and inverter control circuit, wherein said 
brushless DC motor controller is characterized in - 
that it further has a voltage detection means capa- 
ble of generating the detected voltage values con-e- 
sponding to the terminal voltages of the stator coils 
of multiple phases in said brushless motor, a refer- 
ence voltage generation means for generating a 
reference voltage, a comparison means capable of 
generating a comparison result information signal 
after comparing said detected voltages and refer- 
ence voltage, and a control means for detecting the 
rotating position of the rotor in the brushless motor 
in accordance with the foregoing comparison result 
infomnation signal and then sending the appropriate 
power-on signal to said stator coils according to the 
detected rotating position, and in- that said control 
means detects the rotor position immediately after 
power-on switching for said stator coils without an 
inhibition time interval being provided. 

A brushless motor controller having a voltage 
detection means capable of generating the 
detected voltage values corresponding to the temni- 
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naj voltages of the stator coils of mTjitiple phases in 
a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
" result information signal after comparing said 5 
detected voltages and reference voltage, a control 
. means for detecting the rotating position of the rotor 
in the brushless motor in accordance with the fore- 
going comparison result infomiation signal and 
then sending the appropriate power-on signal to 70 
said stator coils according to the detected rotating 
position, and an output means for using the above- 
mentioned power-on signal to supply power to said 
stator coils, wherein said brushless motor controller 
is characterized in that said control means detects 75 
the rotor position in accordance with the compari- 
son result Information signal patterns of multiple 
phases. 

9. A brushless motor controller having a voltage 20 
detection means capable of generating the 
detected voltage values con-esponding to the termi- 
nal voltages of the stator colls of multiple phases in 

a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 25 
parison means capable of generating a comparison 
result information signal after comparing said 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor 
in the brushless motor in accordance with the com- 30 
parison result information signal received from said 
comparison means and generating a power-on sig- 
nal, and an output means for using this power-on 
signal to supply power to said stator coils, wherein 
said brushless motor controller is characterized in 35 
that said control means determines the power-on 
pattern for said stator coils in accordance with the 
comparison result information signal patterns of 
multiple phases. 

40 

10. A brushless motor controller having a voltage 
detection nieans capable of generating the 
detected voltage values con-esponding to the termi- 
nal voltages of the stator coils of multiple phases in 

a brushless motor, a reference voltage generation 45 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
result information signal after comparing said 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor so 
in the brushless motor in accordance with the 
above-mentioned comparison result infomnation 
signal and sending the appropriate power-on signal 
to the stator coils according to the detected rotor 
position, and an output means for using the above- 55 
mentioned power-on signal to supply power to said 
stator coils, wherein said brushless motor controller 
is characterized in that said control means uses 



said comparison result information signal patterns 
to detect the interval during which the reflux cun-ent 
that follows power-on switching is flowing. 

11. A brushless motor controller having a voltage 
detection means capable of generating the 
detected voltage values corresponding to the termi- 
nal voltages of the stator coils of multiple phases in 
a brushless motor, a reference voltage generation 
means for generating a reference voltage; a com- 
parison means capable of generating a comparison 
result infomiation signal after comparing said 
detected voltages and reference voltage, a control 
means for obtaining phase signals in accordance 
with the above-mentioned comparison result infor- 
mation signal and then after detecting the position 
of the rotor in accordance with the obtained phase 
signals, generating the appropriate power-on sig- 
nal, and an output means for using the above-men- 
tioned power-on signal to supply power to said 
stator coils, wherein said brushless motor controller 
is characterized in that the phase signal patterns to 
be checked for position detection are updated after 
the loss of the reflux current which follows power-on 
switching. 

12. A brushless motor controller having a voltage 
detection means capable of generating the 
detected voltage values corresponding to the termi- 
nal voltages of the stator coils of multiple phases in 
a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
result infomiation signal after comparing said 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor 
in the brushless motor in accordance with the 
above-mentioned comparison result information 
signal and sending the appropriate power-on signal 
to the stator coils according to the detected rotor 
position, and an output means for using the above- 
mentioned power-on signal to suppily power to said 
stator coils, wherein said brushless motor controller 
is characterized in that after the elapse of the 
required time from power-on switching, said control 
means updates the phase signal patterns to be 
checked for position detection. 

13. A brushless motor controller having a voltage 
detection means capable of generating the 
detected voltage values corresponding to the termi- 
nal voltages of the stator coils of multiple phases in 
a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
result infomiation signal after comparing said 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor 



12 



23 



EP 1 098 431 A1 



in the brushless motor in "SCC^rdance with the 
'above-mentioned comparison result information 
signal and sending the appropriate power-on signal 
to the stator coils according to the detected rotor 
position, and an output means for using the above- 5 
mentioned power-on signal to supply power to said 
stator colls, wherein said brushless motor controller 
is characterized in that delay time information on 
transfer from said control means to the brushless 
motor is stored into an updatabte ROIVl by said con- 10 
trol means. 

14. A brushless motor controller having a voltage 
detection means capable of generating the 
detected voltage values con-esponding to the termi- is 
nal voltages of the stator coils of multiple phases in 

a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
result information signal after comparing said 20 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor 
in the brushless motor in accordance with the 
above-mentioned comparison result Information 
signal and sending the appropriate power-on signal 25 

. to the stator coils according to the detected rotor 
position, and an output means for using the above- 
mentioned power-on signal to supply power to said 

. stator coils, wherein said brushless motor controller 
is characterized in that said control means is con- 30 
structed so that delay time information on transfer 
from said control means to the brushless motor will 
be supplied via a variable resistor. 

15. A brushless motor controller having a voltage 35 
detection means capable of generating the 
detected voltage values con^esponding to the termi- 
nal voltages of the stator coils of multiple phases in 

a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 40 
parison means capable of generating a comparison 
result information signal after comparing said 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor 
in the brushless motor in accordance with the 45 
above-mentioned comparison result information 
signal and sending the appropriate power-on signal 
to the stator coils according to the detected rotor 
position, and an output means for using the above- 
mentioned power-on signal to supply power to said so 
stator coils, wherein said brushless motor controller 
is characterized in that said control means detects 
the position of the rotor in accordance with said 
comparison result information signal patterns and 
switches the power-on phase in accordance with ss 
memory-stored power-on phase information. 

16. A brushless motor controller having a voltage 
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detection means capaHle of generating the 
detected voltage values corresponding to the tennl- 
nal voltages of the stator coils of multiple phases In 
a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
result infomnation signal after comparing said 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor 
in the brushless motor in accordance with the 
above-mentioned comparison result information 
signal and sending the appropriate power-on signal 
to the stator colls according to the detected rotor 
position, and an output means for using the above- 
mentioned power-on signal to supply power to said 
- stator coils, wherein said brushless motor controller 
is characterized in. that said control means detects 
the position of the rotor in accordance with said 
comparison result information signal patterns and 
switches the power-on phase In accordance with 
external phase control commands. 

17. Such brushless motor controller as set forth , in 
Claim 10 above, wherein said motor controller is 
characterized in that it uses either A/D conversion 
terminals, communications temninals, or input 
ports, as the input temninals for receiving external 
phase control commands. 

18. A brushless motor controller having a voltage 
detection means capable of generating the 
detected voltage values con-esponding to the temii- 
nal voltages of the stator coils of multiple phases in 
a brushless motor, a reference voltage generation 
means for generating a reference voltage, a com- 
parison means capable of generating a comparison 
result Information signal after comparing said 
detected voltages and reference voltage, a control 
means for detecting the rotating position of the rotor 
in the brushless motor in accordance with the 
above-mentioned comparison result information 
signal and sending the appropriate power-on signal 
to the stator coils according to the detected rotor 
position, and an output means for using the above- 
mentioned power-on signal to supply power to said 
stator coiISi wherein said brushless motor controller 
is characterized in that said control means performs 
phase control in a PWM control region with impor- 
tance being attached to operational efficiency and 
perfomis power-on phase advancement control in 
the control region with importance being attached 
to high-speed rotation. 

19. Such brushless motor controller as set forth in 
either Claim from 5 to 10 above, wherein said con- 
trol means is characterized in that it is composed of 
a microcomputer having a plurality of input/output 
ports. 
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20. Such brushless motor controller's set forth in 
either Claim from 5 to 1 8 above, wherein said con- 
trol means is characterized in that it is composed of 
a microcomputer capable of judging at least 

^ whether the PWM signal is on or off. 5 

21. Such brushless motor controller as set forth in 
' either Claim from 5 to 1 8 above, wherein said con- 
trol means is characterized in that it is composed of 

a hybrid IC having a plurality of input/output ports. 10 

22. Such brushless motor controller as set forth in 
either Claim from 5 to 1 8 above, wherein said con- 
trol means is characterized in that it is composed of 

a hybrid IC capable of judging at least whether the is 
PWM signal is on or off. 

23. Such brushless motor controller as set forth in 
either Claim from 5 to 22 above, wherein said con- 
trol means is characterized in that it sends signals 20 
in almost the same timing as said phase signals are 
read. 

24. An air conditioner characterized in that it is con- 
structed using a compressor and blower driven by a 2S 
brushless motor whose operation is controlled by 
such brushless motor controller as set forth in 
either Claim from 5 to 22 above. 

25. A refrigerator characterized in that it is constructed 30 
using a compressor and blower driven by a brush- 
less motor whose operation is controlled by such 
brushless motor controller as set forth in either 
Claim from 5 to 22 above. 



26. A washing machine characterized in that it is con- 
structed using as its drive a brushless motor whose 
operation is controlled by such brushless motor 
controller as set forth in either Claim from 5 to 22 



27. A vacuum cleaner characterized in that it is con- 
structed using as its drive a brushless motor whose 
operation is controlled by such brushless motor 
controller as set forth In either Claim from 5 to 22 45 
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